Giardipain-1, a protease secreted by Giardia duodenalis trophozoites, causes junctional, barrier and apoptotic damage in epithelial cell monolayers.
The adhesion of Giardia duodenalis trophozoites to intestinal epithelial cells allows the onset and maintenance of giardiasis. During these interactions, epithelial cells can be committed to apoptosis by enzymes secreted by the parasites, including cysteine proteases that are increasingly identified as virulence factors in parasitic protozoa. In this work, a monoclonal antibody (mAb1G3) raised against G. duodenalis surface components was found to react with a 25 kDa protein expressed in the cell surface and flagella of G. duodenalis trophozoites. When trophozoites expressing this protein were cultured with IEC-6 intestinal epithelial cell monolayers, a dynamic release of this protein was observed with mAbIG3. Proteomic analysis identified the protein as a mature cathepsin B-like (gCatB) enzyme, whose proteolytic activity, detected in zymograms, was eliminated by CatB inhibitor E-64. This protein was named giardipain-1 due to its functional papain-like features and was purified by affinity chromatography using mAbIG3. Upon exposure to the purified, mature and secreted forms of giardipain-1, IEC-6 epithelial cell monolayers displayed membrane blebbing and phosphatidylserine exposure on the outer cell surface, indicating an apoptotic process. In Madin Darby Canine Kidney (MDCK) cell monolayers, giardipain-1 leads to the appearance of pore-like regions and of gaps along cell-cell junctions, to decreased transepithelial electrical resistance (TER), caspase-3 activation and poly-ADP-ribose polymerase (PARP) fragmentation. At early times during exposure, giardipain-1 co-localized at cell-cell junctions, associated with occludin and induced the delocalization and degradation of tight junction proteins occludin and claudin-1. The damage caused to epithelial monolayers by giardipain-1 was blocked by pre-incubation with the CatB B Inhibitor E-64. Furthermore, silencing the giardipain-1 gene in trophozoites lowered the proteolytic activity of giardipain-1 and reduced the damage in IEC-6 monolayers. The damage observed appears to be specific to giardipain activity since almost no damage was observed when IEC-6 monolayers were incubated with papain, a non-related cysteine protease. Hence this study suggests that giardipain-1 triggers, in epithelial cells, degradation of cell-cell junctional components and apoptotic damage, supporting the notion of giardiapain-1 as a virulence factor of Giardia.